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_...=. WhyNanotechnologyat NASA?

• Advanced nfiniaturization, a key thrust area to enable new science and

explorahim nlissions

U]tr_zn_t]l _/_n_)rs, r_q,,er _Ul-Ces, c_mlmunication, navigation.

a/Id pmpulsilm systems with very Io'o, maxs. volume and ptlwer

consunlption are needed

• Revolutions in electronics and ct_mputing will anow reconfigurable,

autonorrt_us. "thinking" spacecraft

• Nanotechnok_gy presents a whole nee, spectrum of oplx)rtunities to build

device comFa_nents and systems for ei_lirely new space architectures

Networks of uhvasnlul] pla_bt.s on pl;tlletar) surh_ces

Micro-myers thai drive, h_p, fly, and bunav._

Collection of 111icrtlt;pa_ecratt Illakirtg a variety of iil_a.'_uren_nts
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Z_..,_ NASAAmes Nanotechnology Program

• Started in FY 97, currently aN_ut 25 FTEs t,n site working on nanotechnoh_gy

research: additional 15 FTEs invol_ed in _ilnulati_nl, plaxzess nxxlehilg, and

cotnputational chemistry

• Research |_;q,_tlSratlges |tom carb_)n and pr_,teill tlallolul_'s, quanlum de_ice

physics, qual_lUlll COlllputing, d;lla storage _,_ tlploelectlX_lliCS

• Largest ¢glfh_ll llallOttl}3_ • effort ill tht" Fl:deral go_*eFiIll_211l zuld al'_ one ii1 Ihe

largest in the world

hltematit_nal repulalion, program v, ell known in scienlific ctlllllllunity

Ab,_ut -60 refereed publicalions in Ihe lield

- Over 100talks in National/lnlrrnahimal Meetings

- Two Feyllmanll Awards





,,q.,/_._=.. What is ExpectedfromAlternativeTechnologies?

• Must be c_si¢r _lntl che.pcr to manufl,ctute than CMO$

• Ne_J high currenl drive: sh,+uld be .I,Ic I_ dri_ c capacil.=nccs _f inler_on_l¢ct_

t_t ¸ _,ny ]clt_th

• I+ligh ]¢vci ol integrt_tion I10" tr_msisl ,r_Jcircuil

• High repr_lucibilily (l-,¢ller Ih+_n _ 5'_ )

• Reli_:hilil) ¸ (1+periling lime > 10 ye=+r.I

• Very hew co_l l < 1 ,_centitrBn_ist_r)

• Ev¢131hing _ll_ul Ihe nc:w I¢+chn_,l_+g} musl be compelling .nd simullane<,usly

CMOS s_tling sh_uld fi.il II ¸Ihe+e t_ l_gelh_r &_ not h;_ppen the erwll+(_u_

infrastructure buih i_ound _ilit:_n wilt n_lk¢ it difficult I_r _tlternt+li_es It+

cm_rgc

CarbonNanotube
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PotentialCNT Applications
and Challenges

Source Work._h_V Report - SRC/NASA Ames Worksl_lp on Emerging

Op_rtunili©_ and Issues in N_l_llubcs and NarK_clcctronic$
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__'f,_,.= CNTSynthesis

_.=,,. CarbonNanotubesatAmes





_..ff.,,.,,=. CNT in Microscopy

Atomic Ft_rce Micn)scopy is a i'x_werful technique for imaging, nanomanipulatkm,

a.'+plattbnn filr mns(_r work, nanl)lithography...

Conventitmal silicon _r tungsten tips wear out quickly• CNT tip is nlbust.

offers anmzing re_z.tution.

CNTBasedBiosensors

Computational Nanotechnology

Large scale computer simulmi_ms ba:+ed tm ab mitio

n_thods enable underst:mding nanotube _:hara, cteristics

and serve u.,; design ttm>l

EvalualiOn of illechanical pn_pet'ties

E_alualion of electrtmic pr_perlies

Elecmm transl_rl in CNT devices

FunctitlnMizatilm ol the nanottlbt_s

Design ,_l electrical alld mechanical devices

Evalualioll of sl_rage pt_tential {H_, I J)

cwr 'T" =d-'_" J._o_ www .nas. lUlsa.g 0 _/--deelm k/llon_ .h tm|
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_...=_,,. ComputationalNanotechn_y

_,.,,,,_ ComputationalNanotechnol_y
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_,_,..,,., ComputationalNanotechnology

ComputationalNanotechnology
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D l=t'll_ttl_ IN' _ t_'/emtm D dm In=ta_ ,
='_'_,_

,_,,,... ProteinNanotubes

• Heat shtx:k [n-t_tein (HSP 60) ill organisnL,_ living at high temperature,;

("exU'en_philes") is eft'interest in axrrc_biology
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Atomic Chain Electronics

5.mdea _ _OLh_ _r_.,,rl r,_w_
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• Various experimental and simulation aspects
of Nanotechnology are currently in progress

• Individual deviccs and characteristics need to

be incorporated in NASA specific applications

• Biosensors and nanotubes for interconnects are

preliminary, step in that direction




